Critically lll Children During the 2009—-2010 Influenza

Pandemic in the United States

WHAT’S KNOWN ON THIS SUBJECT: The 2009 pandemic inﬂuen)
A (HIN1) virus was associated with high rates of hospitalization
and death in children worldwide. Limited data for children with
pH1N1-related critical illness make it difficult to determine the

role of chronic conditions and bacterial coinfection in mortality.

WHAT THIS STUDY ADDS: Children with neurologic conditions
and compromised immune function had an increased risk of
mortality from 2009 pandemic H1N1. Coinfection with methicillin-
resistant Staphylococcus aureus was a strong risk factor for
mortality, increasing the risk of death in previously healthy
children eightfold.
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BACKGROUND: The 2009 pandemic influenza A (HIN1) (pH1N1) virus
continues to circulate worldwide. Determining the roles of chronic
conditions and bacterial coinfection in mortality is difficult because of
the limited data for children with pH1N1-related critical iliness.

METHODS: We identified children (<21 years old) with confirmed or
probable pHIN1 admitted to 35 US PICUs from April 15, 2009, through
April 15, 2010. We collected data on demographics, baseline health,
laboratory results, treatments, and outcomes.

RESULTS: 0f 838 children with pH1N1 admitted to a PICU, the median
age was 6 years, 58% were male, 70% had =1 chronic health condition,
and 88.2% received oseltamivir (5.8% started before PICU admission).
Most patients had respiratory failure with 564 (67.3%) receiving me-
chanical ventilation; 162 (19.3%) received vasopressors, and 75 (8.9%)
died. Overall, 71 (8.5%) of the patients had a presumed diagnosis of
early (within 72 hours after PICU admission) Staphylococcus aureus
coinfection of the lung with 48% methicillin-resistant S aureus (MRSA).
In multivariable analyses, preexisting neurologic conditions or immuno-
suppression, encephalitis (1.7% of cases), myocarditis (1.4% of cases),
early presumed MRSA lung coinfection, and female gender were mortality
risk factors. Among 251 previously healthy children, only early presumed
MRSA coinfection of the lung (relative risk: 8 [95% confidence interval:
3.1-20.6]; P << .0001) remained a mortality risk factor.

CONCLUSIONS: Children with preexisting neurologic conditions and
immune compromise were at increased risk of pHiN1-associated
death after PICU admission. Secondary complications of pH1N1, includ-
ing myocarditis, encephalitis, and clinical diagnosis of early presumed
MRSA coinfection of the lung, were mortality risk factors. Pediatrics
2011;128:61450—e1458
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ABBREVIATIONS

pH1N1—2009 pandemic influenza A (HIN1)
PALISI—Pediatric Acute Lung Injury and Sepsis Investigators
RR—relative risk

Cl—confidence interval

IQR—interquartile range

MRSA—methicillin-resistant Staphylococcus aureus
ECMO—extracorporeal membrane oxygenation
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Although it is regarded as a mild-to-
moderate pandemic,’ 2009 pandemic
influenza A (HIN1) [pH1N1] has been
associated with school outbreaks,?*
high incidence® and illness complica-
tion rates,® hospitalizations,”~'" and
critical illness and death'? in pediatric
populations worldwide. To date, clini-
cal data are available for only limited
numbers of critically ill children with
pHINT virus infection-related compli-
cations's-'6 or fatalities.!'®8 Results
have varied across studies: pHi1N1-
related PICU mortality rates ranged from
7% in 57 Canadian' and 107 Australian-
New Zealand® children to 39% in 147
children in Argentina.’® Independent risk
factors associated with fatal outcomes
have not been well established because
of limited sample sizes.

To assess critical illness among chil-
dren during the 2009 influenza A
(HIN1) pandemic, we established a
large multicenter registry of patients
admitted to PICUs in major US pediat-
ric hospitals. In this report we de-
scribe the detailed clinical character-
istics and hospital course of this large
cohort of critically ill children with
pH1NT virus infection and discuss the
role of chronic medical conditions and
bacterial coinfections in mortality.

METHODS

Study Design and Eligibility
Criteria

This 1-year multicenter retrospective
and prospective observational cohort
study identified patients with influenza
virus infection admitted to 35 Pediatric
Acute Lung Injury and Sepsis Investiga-
tors’ (PALISI) network hospital PICUs
(see Fig 1 for site locations) from April
15, 2009, through April 15, 2010. The
study was initiated as a collaborative
effort among the US National Institutes
of Health, Centers for Disease Gontrol
and Prevention, the Assistant Secre-
tary for Preparedness and Response,
US Department of Health and Human
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The origin of patients enrolled in the 2009 pandemic influenza A (HIN1) PICU surveillance study
according to state and region. The 35 participating hospitals (black circles) located throughout the
United States serve as regional referral tertiary care centers with a median of 24 (IQR: 20—38) PICU
beds. Of these hospitals, there were a total of 51 ICUs screened, including 38 medical or medical-
surgical ICUs, 4 NICUs that admitted patients up to 6 months of age, and 9 other types of specialized
ICUs (eg, cardiac, trauma). States are color-coded according to the number of patients enrolled from

their zip code of residence in that state.

Services, the National Heart, Lung, and
Blood Institute’s ARDSNet, and the
PALISI network to track pHIN1-
associated critical illness in adults
(ARDSNet sites) and children (PALISI
sites). The ARDSNet clinical coordinat-
ing center coordinated data manage-
ment. After institutional review board
approval, sites identified patients with
any positive influenza A test result
from April 15 through August 31, 2009,
and any positive influenza test result
or suspected case of influenza from
September 1, 2009, through April 15,
2010. The first institutional review
board approval was received Novem-
ber 15, 2009. Decisions regarding diag-
nostic testing were determined solely
by clinicians. We excluded patients
without laboratory confirmation of in-
fluenza and those with evidence of sea-
sonal influenza A (HIN1 or H3N2) or B
virus infections.

Data Collection

Data were recorded in a REDCap? Web-
based electronic case-report form and
transmitted to the clinical coordinating
center. PICU day 0 was the PICU admis-

sion day. Baseline values were the first
recorded values in the PICU and, if un-
available, the values closest to admis-
sion (from transport, the emergency de-
partment, or referral hospital). Data on
days 3, 7, and 14 were collected as close
to 8:00 am as possible; unavailable data
were considered missing. Final outcome
(survival/death) was tracked to initial
PICU discharge date for all patients and
up to hospital day 90 for patients trans-
ferred to the ward. Cause of death was
classified as primary respiratory, car-
diovascular, multiorgan failure, severe
brain injury and/or brain death, or other.

Definitions

Those who were considered to be pre-
viously healthy patients were healthy
before the index iliness, had no under-
lying medical conditions, and did not
depend on medications or medical de-
vices. The Pediatric Risk of Mortality Il
(PRISM 1ll) acute physiology score?!
was used to measure severity of ill-
ness within the first 24 hours of admis-
sion in children younger than 18 years,
and the Acute Physiology and Chronic
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Health Evaluation Il (APACHE II) score??
was used in those aged 18 to 20 years.

Noninvasive ventilation was defined as
delivery of continuous or bilevel posi-
tive airway pressure from a mechani-
cal ventilator via a mask. Shock requir-
ing vasopressors was defined as
receiving a dopamine infusion of >5
ng/kg per minute or any epinephrine,
norepinephrine, or phenylephrine in-
fusion to maintain blood pressure. Di-
agnosis of encephalitis was based on
MRI findings, high cerebrospinal fluid
protein level, and/or neurology consul-
tation. Myocarditis was defined as the
major clinical diagnosis underlying
the reason for PICU admission. Mortal-
ity was defined as death that occurred
anytime during the PICU stay and up to
hospital day 90 for patients trans-
ferred tothe ward. A confirmed case of
pHIN1 was defined as that of a PICU
patient with a respiratory specimen
that tested positive for pHIN1 virus in-
fection by real-time reverse transcrip-
tion polymerase chain reaction assay
using primers specific for pHIN1 virus
or viral culture. A probable case of
pHIN1 was defined as that of a PICU
patient with a respiratory specimen
that tested positive for influenza A vi-
rus infection by any influenza testing
without further identification of sub-
type. Patients with early presumed
bacterial coinfection of the lung had
(1) a clinical diagnosis of bacterial
pneumonia, (2) evidence of bacterial
superinfection within 72 hours of the
initial PICU admission, and (3) a bacte-
rial pathogen identified in their respi-
ratory secretions.

Statistical Analyses

With univariate analyses we examined
the association between multiple fac-
tors and mortality by using x? and
Fisher’s exact tests. Unadjusted rela-
tionships between continuous vari-
ables were evaluated by using simple
linear regression. Factors examined

e1452 RANDOLPH et al

for their association with mortality
were demographics; PICU admission
clinical conditions including comor-
bidities and coinfections; treatments;
and secondary influenza-related com-
plications (eg, encephalitis, myocardi-
tis). Factors possibly associated with
mortality (P = .10) were considered
for inclusion in the multivariable
model containing all independent pre-
dictors of mortality (P < .05). Missing
data were not imputed. All analyses
were completed by using SAS 9.2 (SAS
Institute, Inc, Cary, NC). SAS’s PROC
GENMOD procedure produced ad-
justed relative risks (RRs) by using a
generalized linear model. Adjusted
risk estimates are reported with 95%
confidence intervals (Cls).

RESULTS

Characteristics of the Study
Patients

We enrolled 940 PICU patients and ex-
cluded 102 (14 aged =21 years, 9 with
seasonal influenza A, 6 with influenza
B, and 73 with no positive influenza test
result [some met >1 criterion]). Ofthe
838 patients included, 545 (65%) had
pHIN1 confirmed by real-time reverse
transcription polymerase chain reaction
orviral culture, and 293 (35%) were clas-
sified as having probable pH1N1 on the
basis of a positive direct fluorescent an-
tibody or rapid influenza diagnostic test
result for influenza A without additional
subtyping. Most children (553 [66%])
were prospectively identified; 62% were
admitted to the PICU during September
through November 2009, during the re-
ported peak of influenza-related hospital
admissions for the 2009—-2010 season.

The characteristics of patients with
confirmed or probable pHIN1 are
listed in Table 1 and Supplemental Ta-
ble 5. Most (60%) asthmatics were on
weekly asthma-control medications.
Reported influenza-related signs and
symptoms in patients included fever
(79%), cough (73%), shortness of

TABLE 1 Characteristics of the 838 Children
Admitted to a PICU With Confirmed
or Probable pH1N1 in the United
States (April 15, 2009, to April 15,

2010)
Characteristic n (%)
Female gender 353 (42.1)
Age group?
<6 mo 71(8.5)
6-23 mo 113 (13.5)
2-4y 131(156)
512y 336 (40.1)
13-17y 157 (18.7)
1820y 30 (3.6)
Hispanic ethnicity® 229 (27.3)
Race®
White 458 (54.7)
Black 168 (20.0)
Asian, Hawaiian, or Pacific 45 (5.4)
Islander
Native American 8 (1.0)
Other or not reported 159 (19.0)
Underlying health conditions
Previously healthy (none) 251 (30.0)
=1 underlying conditions 587 (70.0)
Chronic respiratory 356 (42.5)
Asthma 258 (30.8)
Neurologic or neuromuscular 263 (31.4)
Cardiovascular 80 (9.6)
Gastrointestinal or hepatic 80 (9.6)
Metabolic 37 (4.4)
Immune compromise 33 (3.9)
Current/active metastatic 6(0.7)
solid cancer

Current/active 9(1.1)
hematologic malignancy
Other immunosuppression
(ie, transplant, HIV)
Renal 10 (1.2)
Hemoglobinopathy 22 (2.6)
Other chronic condition 126 (15.0)
For an expansion of the data shown here, see Supplemen-
tal Table 5.
aThe median age of the patients was 6 years (range: 6
days to 20 years).
b Race or ethnic group was reported in the clinical chart.

18(2.1)

breath (54%), vomiting (30%), diar-
rhea (12%), and seizures (10%) (Sup-
plemental Table 5) (mean onset: 4 days
[SD: 6.3]; median: 3 days [interquartile
range (IQR): 1-5]; n = 694) before PICU
admission. The majority of patients
(579 [69.1%]) were transferred to the
PICU from an emergency department,
but 239 patients (28.5%) had been an
inpatient at the same or another hos-
pital, including 31 (3.7%) in another
hospital’s ICU, for a median of 1 day
(IQR: 0.5-3.0) before PICU admission.
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TABLE 2 Selected Laboratory Abnormalities Closest to PICU Admission in Patients With pH1N1 and

Their Association With Mortality

Laboratory Abnormality

Leukocytopenia (white cell count < 5000 per ul)
Leukocytosis (white cell count > 11000 per ul)®
Lymphocytopenia (<1000 per ul)

Neutropenia (<500 per ul)

Thrombocytopenia (platelet count < 150 000 per wl)
Elevated creatinine level®

Elevated total bilirubin level (>1.2 mg/dL [21 wmol/L])P

Suspected rhabdomyolysis (GPK > 200 U/L)®
Severe hypoxia®

Pao,/Fio, < 100

Pao,/Fio, = 100199

n/N (%) RR (95% CI)
161/753 (21.4) 1.8 (1.2-2.9)2
289/753 (38.4) 0.7 (0.4-1.1)
365/719 (50.8) 1.3 (0.8-2.1)

33/630 (5.2) 2.8 (1.5-5.5)¢
190/748 (25.4) 29 (1.8-4.4)¢
150/739 (20.3) 1.8 (1.2-2.9)"

44/447 (9.8) 0.5 (0.2-1.5)

51/115 (44.4) 1.4 (0.6-3.7)
115/239 (48.1) 3(1.6-5.8)"

65/239 (27.2) 1.1(0.4-3.4)

Laboratory values are based on work by Custer and Rau® except for rhabdomyolysis. CPK indicates creatine phosphokinase;

Fio,, fraction of inspired oxygen.
ap=.009.

b Newborns who were younger than 28 days were excluded from these analyses.

¢ P =003
dp<.0001.

¢ Elevated creatinine level was defined as: >1 mg/dL for newborns younger than 28 days and for adolescents aged 13 to 20
years; >0.7 mg/dL for infants aged 29 to 364 days and for children aged 1 to 12 years.

fp=.01.

€ Pao, from arterial blood gas (when available) divided by delivered concentration of Fio,; the reference-group patients’

Pao,/Fio, was =200.
n P =.0002.

The median Pediatric Risk of Mortality
Il score was 5 (IQR: 2—10) for the pa-
tients younger than 18 years, and the
median Acute Physiology and Chronic
Health Evaluation Il score was 14.5
(IQR: 8—20) for those aged 18 years or
older. At presentation, 90 patients
(10.7%) received vasopressors for
shock, 11 (1.3%) were in cardiac ar-
rest, and 29 (3.5%) had suspected cen-
tral nervous system complications.
Most patients (536 [64%]) presented
with evidence of acute lower respira-
tory disease; 57.5% received as-
sisted breathing on the day of PICU
admission (excluding 27 patients on
chronic  mechanical ventilation).
Chest radiographs were performed
on 92.5% of the patients at or around
PICU admission, and 51.4% had infil-
trates in at least 2 of 4 quadrants.
Selected laboratory testing parame-
ters closest to admission are listed
in Table 2.

Viral and Bacterial Coinfections

Viral coinfections were reported in
4.8% (40) of the patients, including re-
spiratory syncytial virus (14) and ade-
novirus (4). Thirty-three percent (274
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of 838) of the patients had a clinical
diagnosis of bacterial pneumonia or
other evidence of bacterial infection
present within =72 hours of PICU ad-
mission. Pathogens identified in respi-
ratory secretions included S aureusin
26% (71 of 274; 48% [34 of 71] were
methicillin-resistant  Staphylococcus
aureus [MRSA]), Pseudomonas (all
species) in 11% (30 of 274), Strepto-
coccus pneumoniae in 5.5% (15 of
274), Haemophilus influenzae in 5%
(13 of 274), Streptococcus pyogenes in
3% (7 of 274), and other bacteria in
20% (54 of 274) (Supplemental Table
6). No pathogens were identified in
33% (91 of 274) of the patients. Most of
the patients presumed to be coin-
fected with Pseudomonas (87% [26 of
301) had chronic lung disease (17 of 26
had tracheostomies). Empyema (with
thoracostomy) was diagnosed in 3.5%
(29 of 838) of the patients. Nearly 5% of
the patients had bacteremia within 72
hours of PICU admission, and S aureus
was the most common bacteria identi-
fied (11 of 38, 7 of which were MRSA
and 4 of 7 also had MRSA in respiratory
specimens =72 hours of admission).

ARTICLES

Treatments and Clinical Outcomes

The majority of patients (67.3% [564 of
838]) received mechanical ventilator
support (median duration: 5 days [IQR:
2—13]). The median PICU stay was 4
days (IQR: 2-9). Of the 75 (8.9%) chil-
dren who died, death occurred in 31%
on PICU days 0 to 2 and 35% on PICU
days 3 to 14. All PICU deaths occurred
within 90 days of admission except for
1 previously healthy teenager who died
on PICU day 124 after lung transplant
for pulmonary necrosis, presumably
from MRSA coinfection. The primary
cause of death reported was inability
to ventilate or oxygenate the patient
(46.7%), multiorgan failure (25.3%),
brain death or severe brain injury
(14.7%), refractory cardiovascular col-
lapse (2.7%), and other causes
(10.7%). Adjunctive treatments admin-
istered to patients are listed in Table 3.
Extracorporeal membrane oxygen-
ation (ECMO) was used in 33 patients
(3.9%; median age: 8 years [IQR: 5—14]1;
n=18[54.5%] on day 0), for a mean of
18.9 days (SD: 21.4; range: 1-123) with
39% survival. Atracheostomy was per-
formed on 3.1% (26) of the patients.
The majority of the 763 survivors (745
[97.6%]) were discharged, but 18
(2.4%) remained hospitalized 90 days
after PICU admission (7 were still in a
PICU); 22 (2.9%) were transferred to a
rehabilitation facility.

Only 5.8% (49 of 838) of the patients
had documentation of receiving influ-
enza antiviral medications before PICU
admission (initiation dates were un-
available). Most of the patients (88.2%)
received enteral oseltamivir in a PICU
for a median of 4 days (IQR: 2-5). Re-
ported use of other influenza antiviral
agents is indicated in Table 3.

Comparison of Survivors and
Nonsurvivors

Nonsurvivors had higher Pediatric Risk of
Mortality lll scores (median: 17 [IQR: 9—29])
at PICU admission than survivors (median:
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TABLE 3 Adjunctive and Antiviral Treatments Received in the PICU and Survival (N = 838)

Parameter n (%) RR Death (95% Cl) P

Mechanical ventilation

Via invasive route only 259 (30.9) 4.0 (2.5-6.2) <.0001

Noninvasive ventilation only 136 (16.2) 0.4 (0.2-0.9) .02

Both endotracheal and noninvasive ventilation 169 (20.2) 1.6 (1.0-2.6) 04

High-frequency ventilation 115 (13.7) 8.4 (5.6-12.8) <.0001
Inhaled nitric oxide 76 (9.1) 7.5(5.0-11.0) <.0001
Prone positioning 33 (3.9) 3.8 (2.1-6.6) <.0001
Vasopressors for shock@

At time of PICU admission 90 (10.7) 4.4(29-6.7) <.0001

During PICU course 162 (19.3) 7.9 (5.0-12.3) <.0001
Dialysis 44 (5.3) 45(2.8-7.3) <.0001
ECMO 33 (3.9 8.9 (6.1-12.9) <.0001
High-dose corticosteroids® 262 (31.3) 3.5(2.2-5.4) <.0001
Fresh-frozen plasma 75 (9.0) 6.8 (4.6-10.1) <.0001
Intravenous immunoglobulin 26 (3.1) 3.7 (2.0-6.9) <.0001
Influenza antiviral medications

Oseltamivir 751 (89.6) 0.8 (0.4-1.4) NS

Peramivire 21(2.95) 6.0 (3.6-9.9) <.0001

Zanamivir 12 (1.4) 0.9 (0.1-6.2) NS

Amantadine 17 (2.0) 0.7 (0.1-4.4) NS

Ribavirin 5(0.6) 2.3(04-13.2) NS

Rimantadine (none died) 5(0.6) — NS

NS indicates not significant.

aVasopressors indicates intravenous dopamine >5 ug/kg per minute or any norepinephrine, epinephrine, or phenylephrine.
b Greater than or equal to 2 mg/kg per d methylprednisolone or prednisone or stress-dose hydrocortisone at any time

excluding for airway edema around extubation.

¢ Median timing of initiation of peramivir was on PICU day 5 (IQR: 3.5-7.0).

TABLE 4 Demographic Factors, Chronic Health Conditions, Clinical Conditions, and Secondary
Infections Associated With Mortality in 838 Children Admitted to a PICU With pH1N1

Parameter n (%) RR Death (95% Cl) P
Univariate analysis
Female gender 353 (42.1) 2.0 (1.3-3.0) 002
Age 520y (vs 04 y) 523 (62.4) 1.5 (1.0-2.5) .07
Neurologic/neuromuscular condition 263 (31.4) 19(1.2-29) .003
Immune compromise 33 (3.9 2.5(1.3-5.0) .01
Active hematologic malignancy 9(1.1) 3.8 (1.5-9.9) .04
Metabolic disorder 37 (4.4) 2.2 (1.1-4.5) .03
Encephalitis diagnosed 14 (1.7) 3.3(1.4-7.8) 03
Myocarditis diagnosed 6(0.7) 3.8 (1.2-12.0) .09
Bacterial pneumonia/coinfection? 274 (32.7) 1.8(1.2-2.8) .007
Pathogen identified in respiratory secretions
Within =72 h of PICU admission® 183 (21.8) 1.7 (0.8-3.5) 2
S aureus (lung) within =72 h 71 (8.5) 2.3(1.3-3.9) .004
MSSA (lung) within =72 h 37 (4.4) 1.2 (0.5-3.2) NS
MRSA (lung) within =72 h 34 (4.1) 3.2 (1.8-5.9) .0003
Multivariate analysis®
Female gender 353 (42.1) 1.9 (1.2-3.0) .003
Neurologic condition 263 (31.4) 1.8 (1.1-2.7) 01
Immune compromise 33 (3.9 2.2 (1.1-4.5) .02
Encephalitis diagnosed 14 (1.7) 3.4 (1.6-7.5) .002
Myocarditis diagnosed 6(0.7) 3.8 (1.2-12.0) 03
Presumed MRSA lung coinfection within =72 h 34 (4.1) 3.3 (1.7-6.4) .0005

NS indicates not significant; MSSA, methicillin-susceptible S aureus.
aClinical diagnosis of bacterial pneumonia or superinfection at any time during PICU stay.
b When the comparison group is not specified, patients with the factor were compared to patients without the factor for

those patients for whom the factor was reported.

°The results for all factors tested in the multivariate analysis are reported in Supplemental Table 9.

4 [IQR: 0—-9]; P<<.0001). Of the selected lab-
oratory parameters documented close to
PICU admission in patients who were
tested, leukocytopenia, neutropenia,
thrombocytopenia, elevated creatinine
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level, and severe hypoxia were associated
with mortality (Table 2). Patients who re-
ceived adjunctive therapies (eg, ECMO,
dialysis) had a higher risk of death
(see Table 3).

The associations of mortality with
patient-related factors present before
PICU admission (demographics, underly-
ing health conditions, bacterial coinfec-
tions) and influenza-related clinical syn-
dromes are listed in Table 4. The
mortality was higher in patients trans-
ferred from another ICU (RR: 3.1 [95%
Cl: 1.6-5.9]; P = .0008). No females
were pregnant. Height data were not
routinely collected to determine the
association of BMI with mortality. En-
cephalitis (14 [1.7%]) and myocarditis
(12 [1.4%]) were uncommon but asso-
ciated with mortality (see patient de-
tails in Supplemental Table 7 and Sup-
plemental Table 8). Viral coinfection
was not associated with mortality.
MRSA was the only organism cultured
from respiratory secretions within
=72 hours of admission and pre-
sumed to be causing pneumonia or a
bacterial infection that was associated
with mortality (Table 4 and Supple-
mental Table 9). In a multivariable
analysis of factors present at admis-
sion, female gender, having a preexist-
ing neurologic condition or previous
immune compromise, early presumed
MRSA coinfection of the lung, encepha-
litis, and myocarditis remained signif-
icant independent predictors of mor-
tality (Table 4).

When the analysis was restricted to the
251 previously healthy patients, there
were 26 (10.4%) with early presumed S
aureus coinfection of the lung (Supple-
mental Table 10), and this infection was
present in 8 of 18 (44%) of the previously
healthy children who died. S aureus was
cultured from endotracheal tube speci-
mens of 25 of 26 and from empyema fluid
of 1 of 26. Early presumed MRSA coinfec-
tion of the lung was the only previously
identified factor that remained associ-
ated with mortality (RR: 8 [95% Cl: 3.1—
20.6]; P<<.0001) (Supplemental Table 9).
Of the 6 previously healthy children with
MRSA coinfection of the lung who died, 5
were treated before or within 2 hours of
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PICU admission with intravenous vanco-
mycin (Supplemental Table 10).

DISCUSSION

To our knowledge, this is the largest
study to date of critically ill children with
pHIN1 virus infection, which included
838 patients hospitalized at 35 US PICUs.
Disease progression was rapid and of-
ten fulminant; 69% were admitted to a
PICU from an emergency department,
98% received assisted ventilation at PICU
admission, and 8.9% died. Sixty-two per-
cent had critical illness from pHIN1 virus
infection with no suspicion or evidence
of secondary bacterial pneumonia or
other bacterial infection at PICU admis-
sion. Independent risk factors for mor-
tality were female gender, presence of a
chronic neurologic condition or immune
compromise, diagnosis of acute myocar-
ditis or encephalitis, and early pre-
sumed MRSA coinfection of the lung. For
the 30% of children who were previously
healthy, only early presumed MRSA coin-
fection of the lung, which increased the
RR of death eightfold, was strongly asso-
ciated with mortality.

Although in previous decades invasive
bacterial coinfection with MRSA was not
identified as a major organism associ-
ated with pediatric influenza-related
mortality, reports from 2003 onward
suggest that its role in severe and fatal
seasonal influenza  complications
among US children and adults might
have increased.?-%0 Although guide-
lines for empiric antimicrobial treat-
ment of hospitalized adults with
community-acquired pneumonia, in-
cluding for suspected MRSA, exist,’' no
guidance existed for hospitalized chil-
dren with community-acquired pneu-
monia during the study period. Al-
though our data support empiric
antibiotic treatment of MRSA 32 in addi-
tion to treatment for other common
coinfections (eg, S pneumoniae, S pyo-
genes), in the initial management of
children with suspected or confirmed
influenza and severe lower respiratory
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tract disease, there are not clear crite-
ria for prospective identification of pa-
tients with bacterial coinfection.

The median age of children in our
study was 6 years, similar to that re-
ported for Canada'% and South Ko-
rea’ but higher than that for Argen-
tina, where more than half of the
children were infants.' The proportion
of children with chronic medical con-
ditions and the overall mortality were
similar to those reported for Canada.™
Our mortality and proportion of inva-
sive mechanical ventilation were
lower than those reported in 1 Ar-
gentina study.” Although more male
than female children were admitted
to our PICUs with pH1N1-associated
complications, female patients were
at asignificantly higher risk of death.
This risk was not caused by preg-
nancy, which is a known risk factor.3
There were no gender differences in
mortality rate among previously
healthy children.

Neurologic and neuromuscular disor-
ders have previously been identified as
risk factors for influenza-related com-
plications and hospitalization in chil-
dren,*® and they were present in 31% of
our patients. The rate of neurologic
disorders is reportedly high in chil-
dren who die from pH1N1-related com-
plications'; ours is the first study to
identify that presence of an underly-
ing neurologic condition was an in-
dependent risk factor for death.
Acute neurologic manifestations as-
sociated with pH1N1 also occurred;
seizures occurred in 10% of the patients
before admission, suspected central
nervous system complications occurred
in 3.5%, and acute encephalitis was diag-
nosed in 1.7%. Although there have been
case reports of severe encephalopathy
or encephalitis in patients with
pH1N1340the size of our study allowed
us to identify acute encephalitis with
pHINT virus infection as an indepen-
dent risk factor for mortality.
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Confirming a previous report on Korean
children,® we found pH1N1-related acute
myocarditis to be an independent risk
factor for death. Seasonal influenza vi-
rus infection of the respiratory tract is
associated with acute myocarditis,*' and
myocarditis cases related to pH1N1 have
been described.3*42-44 Current manage-
ment of influenza-associated myocar-
ditis is supportive care.

In a previous population-based re-
port,® 11.6% of primarily adult pa-
tients with pHIN1 admitted to the ICU
received ECMO in Australia and New
Zealand compared with 3.9% of the pa-
tients in our study. We report 39% sur-
vival for pediatric patients with pH1N1
who received ECMO, which is much
lower than the 71% survival previously
reported for mostly adults.*6 Other res-
cue therapies were also associated
with high mortality. ECMO support was
usedin 7 of 10 of the patients who died;
4 had early presumed S aureus lung
coinfection.

Most patients received oseltamivir
treatment; antiviral medication use at
any time during the PICU course was
not associated with lower mortality.
The authors of 1 study of PICU patients
in Argentina reported that initiation of
oseltamivir treatment within =24
hours of admission was associated
with lower mortality.”s Authors of a
study of adult ICU patients in Mexico
also reported a survival benefit of neur-
aminidase inhibitor treatment.*” Others
have reported the effectiveness of early
antiviral treatment with oseltamivir to
prevent progression of pHINT virus in-
fection to severe and fatal illness.83548
Data on the timing of oseltamivir initia-
tion was not collected in our study. The
vast majority of patients began receiving
it after PICU admission; we cannot as-
sess if earlier treatment could have im-
proved outcome.

This study is subject to several limita-
tions. First, although pHI1N1 was con-
firmed in 65% of the cases, we believe
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that classifying 35% of the patients
who tested positive for influenza A as
having probable pHIN1 was valid, be-
cause US influenza surveillance identi-
fied 99% of influenza A viruses tested
during the study period as pHIN1 vi-
ruses.* It is likely that some patients
with pH1N1 at participating PICUs were
missed because of the use of less sen-
sitive influenza tests.®® Although most
clinical data were collected retrospec-
tively, most data elements were easily
captured from the patients’ charts. It
is unfortunate that bacterial isolates
were not available for strain typing or
identification of virulence factors such
as Panton-Valentine leukocidin. A ma-
jority of presumed bacterial lung coin-
fections were detected by culture of
endotracheal aspirate specimens; the
sensitivity and specificity of such lower
respiratory tract sampling is currently
unknown. In addition, testing for other
respiratory viruses or bacterial infec-
tions was performed as clinically indi-
cated and was not done on a systematic
basis or with more sensitive diagnostics,
and administration of broad-spectrum
antibiotics might have produced nega-
tive culture results for some bacterial
pathogens. This might have underesti-
mated certain coinfections that have
been identified with greater frequency in
other studies.®'2 We included children
admitted to large PICUs in regional refer-
ral pediatric centers. Therefore, we
could not determine pH1N1-associated
risk factors for more severe illness. Chil-
dren admitted to smaller PICUs were not
represented.

CONCLUSIONS

The pH1N1 virus continues to circulate
worldwide. In addition to influenza an-
tiviral treatment, early empiric antimi-
crobial treatment of critically ill chil-
dren with suspected or confirmed
influenza and lower respiratory tract
disease, shock, or sepsis should cover
MRSA and other bacterial pathogens
associated with influenza. It is impor-
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tant to note that most of the children
coinfected with MRSA who died in our
study received vancomycin promptly
at or before PICU admission, which in-
dicates that prevention and control
strategies for increasing influenza-
related immunity and optimizing anti-
viral treatment of influenza, new ther-
apies for treating severe influenza,
and new treatment strategies for
MRSA pneumonia complicating influ-
enza are urgently needed for children.
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